market can reveal new evidence regarding the anticipated effects of a changing climate. 10 This knowledge, in turn, becomes valuable in responding in a timely and cost-effective manner. On the other hand, policies that inhibit trade or that fix prices can, as a result, undermine this information revelation process and impede adaptation.
To explore the conditions under which adaptation can take place, a workshop on the potential for market-based responses to climate change involving 10 economists, political scientists, civil engineers, and policy scholars was held at the Hoover Institution, Stanford University, November 7-8, 2017 . Building upon the contributions presented at the workshop and the discussions that ensued, this paper explains how market signals encourage adaptation through land markets. It also identifies impediments to critical market signals, provides related policy recommendations, and points to promising new technologies.
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Market Signals Can Stimulate Adaptation
Agricultural and Urban Land Markets
Land is perhaps the foremost resource signaling climate change. Because land is a durable asset and a primary input in agricultural production, urban housing, and commercial development, climate change will affect its productivity and desirability. If land is traded in markets, these effects will be capitalized into land values, thus signaling anticipated impacts and 10 Grossman S.J. and Stiglitz J.E. (1976 the potential benefits of adaptation. As land is generally fixed in supply, the value of land derives from changes in demand. The demand for land in a variety of uses reflects both current and expected future returns, monetary or non-monetary, to the goods and services it provides (Lobell, et al, 2011) . 12 Climate change may affect land productivity through temperature variation, access to water and rainfall (Jaeger, et al), 13 and desirability for human habitation (Albouy, et al, 2016 short-run effects on crop yields, channeled principally through increases in crop exposure to extreme heat and reduced access to water (Fisher et al., 2012; Lobell et al., 2011; Porter et al., 2014 (Kahn, 2017; Plantinga, 2017) . Bin and Landry (2013) generally find that flood risk, often associated with climate change, is reflected in housing prices.
Buyers' and sellers' risk perceptions can differ when hazard experiences are remote and risk information is incomplete, but converge in the immediate period after a flood. Risk premiums, however, appear to decline over time in the absence of any new flood event.
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Water Markets
Access to water is critical for both agricultural productivity and urban living and, hence, land values (Libecap, 2017) . It will affect the ability of land owners to make the kinds of adjustments needed for agriculture and urban development. Climate change can be expected to affect both the supply and demand for freshwater though higher temperatures, greater incidence of drought, and increased use of irrigation. There also will be greater reliance upon urban green spaces, landscaping, and water for recreation as well as environmental protection (Barnett, et al. 2005 (Rosenburg, et al. 1999 Barnett, et al, 2014; Ranjan, et al. 2006; Treidel, 2012; Woodruff, 28 and agency officials as well as lobby advocates do not have to assess the economic tradeoffs inherent in any regulatory reallocation. All of these factors suggest costly conflict and political insecurity that would undermine any conservation "set-asides." Overall, markets help answer questions about the tradeoffs that necessarily arise among irrigation, urban, industrial, and environmental uses as supplies tighten and demands increase.
Water markets exist in the fast-growing western United States, a region predicted to be especially vulnerable to climate change due to its reliance upon snow-melt (Ojha et al. 2015) .
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The region has an established water rights system that allows for water to be traded. Even so, water markets are not as active as they could be. Only about 2%-4% of annual water consumption is traded, and there are large potential gains from reallocation from agriculture where 60-80% of water is in use (Brewer, et al, 2008 gallons, about enough to meet the needs of four people for a year), whereas for agriculture-toagriculture water rights sales, the median price was $1,500/acre-foot, a difference in value of over 12 times (Libecap, 2011) . 34 Despite these differences, a major reason for limited market trading during drought is a costly, slow, and resistant regulatory process where multiple parties can intervene to protest water trades (Culp, et al, 2014) . The information provided by access to the pricing information from water trades can serve is essential for water supply organizations as they tackle climate change. Further, required water supply estimates conducted by urban water supply organizations often hold existing demand constant, but that would not be the case if urban water were priced more effectively.
Many urban water suppliers use flat rates that do not encourage conservation. 36 A few cities, however, use steep tiered water pricing, whereby low levels of consumption are priced near zero, but rates rapidly increase as consumption rises. Tucson, Arizona uses such tiered pricing, whereas similar cities near Phoenix use low flat rate or modest tiered pricing systems. Per-capita consumption in Tucson is about 25% less than in Phoenix. 37 Such pricing policies can be designed to be both equitable and effective in encouraging conservation. It is possible to protect essential family water consumption with minimal or "lifeline" prices, allowing prices for water use beyond that threshold to rise. Adaptation requires access to the latest information on the possible timing, intensity, and location of climate change effects. Regulations that restrict market trades or reduce the incentive to engage in them limit the potential of land markets to promote adaptation to climate change.
Policy Flexibility Can Encourage Adaptation
The evidence suggests that farmers can be responsive across a variety of margins through shifts in cropping, timing, cultivation, water use, and location. Their incentives to do so, however, can be reduced by subsidized crop insurance and unpriced irrigation water that reduces the private costs of lower productivity due to weather risk (Wahl, 1989; Annan and Schlenker, 2015) .
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Restrictions on land use and cropping adjustments, such as those adopted under the Conservation Reserve Program, also can limit flexible responses (Antle and Capalbo, 2010) . 39 Further, the failure to define property rights to groundwater leaves it vulnerable to over extraction as farmers turn to groundwater during drought (Ayres, et al, 2018) . 40 Government and private research and development promoted by strengthened intellectual property policies also are essential for discovery of new production techniques, capital, and crop varieties.
Land use regulations that restrict market trades and subsidies that artificially encourage particular types of uses can distort the information released and make responses to new information less flexible. For instance, zoning and growth controls are often motivated by desirable objectives. They seek to influence urban development and to preserve open space.
Nevertheless, these controls constrain land market transactions and hence, distort property prices. (Glaeser, et al, 2005; Dempsey and Plantinga, 2013; Grout, et al, 2011) . Accordingly, zoning rules may need to be made more flexible in order to encourage adaptive responses to climate change. Zoning maps can be redrawn to facilitate changes in land use in response to an increased threat of flooding or coastal erosion. Other land use regulations that allow for flexible adaptation, such as tradable development rights (TDRs), could be implemented more broadly. With TDRs, landowners in one area can sell development rights that permit land to be developed in another area. If the profitability of development in the receiving area were to be increased by climate change, prices for development rights would adjust and provide the correct incentives to landowners in the sending area to preserve land and for development to take place in the receiving area.
We focus, below, on flood insurance and wildfire suppression activities, which illustrate the problems at hand for land markets. They subsidize existing land uses and undermine the ability of market trades to convey information about the need to adapt to climate change.
Distortions in Flood Insurance Markets and Wildfire Suppression Policies
The National Flood Insurance Program (NFIP), enacted in 1968, provides federal subsidies to some property owners to make flood insurance rates affordable, rather than to have Kahn and Smith also investigate the same question computing median income for shoreline zip codes in comparison to the adjacent interior zip codes. For Florida and Texas, the pattern is maintained, and the differences are statistically significant. For Alabama and Mississippi, the ranking of median income is maintained, but the differences in median incomes are not consistently Affordability in this context has been interpreted as providing insurance at rates below actuarial levels for those living in high-risk coastal areas. The size of the subsidy depends on when a home was built in relation to the most recent flood maps; whether communities are participating in public flood-risk information and mitigation programs; and other factors. It does not require an income threshold for eligibility. As a result, preferential treatments are capitalized into home values, making the prospects of dramatic changes difficult, because homeowners would then experience significant losses with any policy change.
A better signal of the changing risks in flood-prone regions is through risk-based pricing of insurance. The impact of both subsidizing higher-property values in coastal zones as well as lowering incentives to make adjustments is further revealed by Hill and Kakenmaster (2017) who examine Miami Beach, Florida and Norfolk, Virginia. Both communities underinvest in levees that have worsened subsequent flooding downstream (Day et al. 2007 , Pinter 2008 , Kundzewicz, et al, 2013 49 By distorting prices, reacting to immediate past events, and subsidizing highincome households, policies like the NFIP and government wildfire policies that encourage resident location at the forest interface constrain effective adaptation to climate change.
Adaptation through Market Signals
Urban, coastal, and agricultural land markets provide effective signals of the emerging costs of climate change. These signals encourage adjustments by both private owners and by policy officials in taking preemptive action to reduce costs. In agriculture, they promote consideration of new cropping and tillage practices, seed types, timing, and location of production. They also stimulate use of new irrigation technologies. In urban areas, they motivate new housing construction, elevation, and location away from harm. They channel more efficient use of water and its application to parks and other green areas to make urban settings more desirable with higher temperatures. To be effective, however, land markets must reflect multiple traders and prices must be free to adjust. Where these conditions are not met, land market signals will be inhibited and market-driven adaptation will be reduced. Because public policy is driven by constituent demands, it may not be a remedy. The evidence of the National Flood Insurance Program and federal wildfire response illustrates how politically difficult it may be to adjust programs to be more adaptive.
These findings suggest that specific land markets dominated by flood or wildfire risk or those on the margin of agricultural production that rely upon crop insurance to be viable may be unlikely to provide the signals needed for adaptation to climate change. These areas have welldefined constituencies and political patrons. Hence they may be more subject to political intervention to set insurance rates, maintain subsidies, and respond disproportionately to the immediate past, rather than future hazards. Unfortunately, these are precisely the areas where adaptation is most needed to prepare for and reduce the costs of climate change. More generally, land markets that are less spatially and temporally tied to specific weather-related events and constituencies may be more active in generating adaptation signals. Their broader economic base, more diverse constituencies, and multiple options for adaptation makes them more flexible in responding to the costs and opportunities generated by climate change. Other markets, such as those for energy, can also provide adaptive responses if allowed to respond to market signals generated by carbon taxes or the trading of pollution permits. These adaptations can include new technologies to reduce greenhouse gas emissions in electricity generation (Mantripragada, 2017) .
